In 15 normal male human subjects and 6 dogs, 200 chest electrocardiograms were sequentially recorded. The distribution of equipotential lines on the thoracic surface was determined at 20 to 30 instants of time during atrial activation and ventricular recovery. In humans, the potential pattern is constantly dipolar, with one maximum and one minimum, during the P wave. The motion of the potential maximum and minimum on the chest surface appears to be related to the progress of the excitation through the auricular walls. At the end of the QRS interval, the simultaneous presence of activation and recovery potentials is generally observed, giving rise to several simultaneous maxima and minima. During the ST and T interval, recovery potentials show a dipolar distribution in normal subjects, but tripolar patterns are observed when the recovery process is altered in a circumscribed myocardial region. In dogs, multipolar distributions are frequently observed during the P wave, the ST segment and the T wave. During atrial activation and ventricular recovery, chest maps yield more information on the electrical activity of the heart (both normal and abnormal) than is offered by ordinary limb and precordial leads.
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• The instantaneous distribution of heart potentials on the chest surface of dogs and humans during various phases of ventricular activation has been described in previous papers (1) (2) (3) (4) (5) (6) . In particular, it has been shown that during some portions of the QRS interval only one maximum and one minimum of potential are present on the chest wall, while during other portions of the ventricular activation time several simultaneous maxima and minima can be observed. These findings are in From the Electrophysiological Laboratory, Istituto di Cardiologia Sperimentale, Simes S.p.A., Milano, Italy.
Accepted for publication July 12, 1966. agreement with earlier measurements by C. V. Nelson (7) and have been subsequently confirmed by Horan et al. (8, 9) and by Spach and associates (10) with the help of digital computers. Similar results have also been obtained by Karolczak (11, 12) and by Amirov (13) . The number, location, time course and displacements of potential maxima and minima on the chest surface are related, among other factors, to the distribution of electrically active fibers in the heart. When the spread of activation in the heart muscle is altered, the sequence of surface electrical events is also modified, and significant changes' appear in the maps. Valuable indications with regard to the normality or abnormality of the electrical activity of the heart may therefore be deduced from body-surface equipotential patterns. In several cases, equipotential maps have proved to be of diagnostic value by revealing cardiac lesions in subjects whose standard limb and precordial electrocardiograms were within normal limits (6, 14) . 1 Most published studies on the instantaneous distribution of chest potentials have been solely concerned with the QRS interval. Detailed descriptions of equipotential patterns during the P wave are not yet available; ST and T potentials have been considered only in a limited number of cases (11, 15, 16) .
In the present study, an attempt is made to determine the distribution of equipotential lines on the chest walls during those parts of the normal heart cycle that have not been fully analyzed in previous papers, namely, atrial depolarization and ventricular repolarization. In addition, some abnormal findings will be presented, together with some data obtained from experimental animals.
Methods
Electrocardiographic exploration of the chest surface was performed in 15 healthy, male human subjects, ranging in age from 17 to 45 years. On the surface of the trunk of each individual, 150 to 200 points were marked (Fig. la) . The distance between points was 3 cm on the anterior and lateral thoracic wall and 6 cm on the posterior chest wall. Chest electrodes (small steel plates, 1 cm in diameter) were applied without paste or jelly at 4 marked points on the chest wall. Each electrode was connected via a cathode follower stage to an amplifying chain. With five Tektronix 122 amplifiers (modified time constant of 6 sec) connected to a multichannel oscilloscope (Tektronix 565), 5 tracings were simultaneously recorded ( Fig. l b ) : a reference electrocardiogram (usually a unipolar limb or precordial lead) and four thoracic electrocardiograms representing the potential differences between Wilson's central terminal and the 4 thoracic points explored by the chest electrodes. The electrodes were subsequently moved to new points J A motion picture entitled, Motion of heart potential on the chest surface, prepared by B. Taccardi and G. Redaelli, illustrates these findings. The film is available on free loan by writing to the author at SIMES S.p.A., Via Bellerio 41, Milan, Italy. on the thoracic wall, and new tracings were recorded until all the marked points had been explored. The electrocardiograms were always recorded during resting expiration. The total gain of the amplifying chains was such that a 200 fiv input signal resulted in a 10-mm deflection of the electron beam on the oscilloscope screen. With these recording conditions it was often impossible to photograph the entire QRS complex since its amplitude exceeded the dimensions of the screen (Fig. lb) . Only the initial and final parts of the complex could therefore be recorded and measured.
The tracings were optically magnified. In the reference electrocardiogram, 20 to 30 points were selected by measuring an equal number of time intervals from a vertical line crossing the rising limb of the R wave at one-half of its maximum amplitude. The time intervals were chosen so that 5 to 10 points were located on the P wave, 5 points on the final part of the QRS complex, and 10 to 15 points on the ST segment and the T wave. The amplitude of the 200 thoracic electrocardiograms was then measured at the selected instants. The measured values were converted into millivolts and plotted on maps of the explored regions, each map corresponding to one instant. Equipotential lines were then drawn on the maps. In three cases the entire procedure was repeated after 1 to 12 months to ascertain the reproducibility of the results. Equipotential maps related to P, ST and T potentials were also constructed for 6 mongrel dogs, weighing 8 to 20 kg, according to the method described in a previous paper (2) . In these experiments, however, the exploration was not limited to the anterior and lateral chest walls as it was in the earlier study, but was extended to the entire surface of the trunk.
Results

ATRIAL ACTIVATION
During atrial activation, a dipolar distribution of chest potentials with one surface maximum and one minimum was observed in all the subjects. At the beginning of the P wave, the potential minimum was generally located near the right sternoclavicular joint, in the supraclavicular fossa, or in the right pectoral region. The potential maximum was located in the lower left presternal region ( Fig. 1C ) or in the left mammary region, chiefly in short subjects.
As the activation front propagated in the atrial tissue and moved toward the left auricle, During the successive phases of atrial activation the potential maximum moves progressively toward the left. In this and in the following figures the potential values are expressed in millivolts. the potential maximum moved steadily toward the left, attaining the left mammillary line (Fig. ID , E) or even, in some cases, the left midaxillary line (Fig. IF) . The potential minimum underwent a lesser displacement, pointing caudally and somewhat to the left (Fig. ID) . Thus, during the P wave, the potential maximum and, to a lesser degree, the potential minimum, moved in a direction which is clearly related to the progress of the excitation wave within the auricular walls.
In dogs, the surface potential patterns related to atrial activation were often more complicated than in normal human subjects. In 3 of 6 animals, two potential maxima and one minimum were observed during the second half of the P wave. The two maxima were located on the left and right chest wall ( Fig.  3E ) and were possibly related to separate wavefronts advancing in the right and left auricular appendages.
VENTRICULAR RECOVERY QRS-ST Transition
In the majority of normal adults considered in this study, the last activation potentials observed at the end of the QRS interval consisted of a midsternal minimum and of a maximum located near the upper end of the sternum ( Fig. 2A , B, C). Occasionally, a dorsal maximum was also present ( Fig. 2A ). These potentials, which are probably related to activation of the crista supraventricularis and of the posterior left ventricular wall (3), decreased progressively and finally disappeared at the end of the QRS interval. Well before their disappearance, however, a new maxi-mum and, frequently, a new minimum arose on the chest surface. In some cases the maximum appeared in the left mammary or axillary region ( Fig. 2B , C, D), while the minimum was located in the right supraclavicular fossa. Thus, a "bi-polar" pattern arises, with two maxima and two minima. This potential distribution persisted for 5 to 10 msec, until the activation potentials completely disappeared. The new maximum and minimum, which are believed to be early recovery potentials, increased progressively and persisted on the chest surface after the end of the QRS interval for the entire duration of the ST and T intervals ( Fig. 2D, Fig. 3A , B, C, D).
In some other cases, the "recovery" maximum appeared in the left parasternal region, causing the "activation" minimum to break into separate, negative regions ( Fig. 2E , F, G, H). It should be pointed out that the initial location of the recovery maximum does not necessarily indicate the actual point where recovery currents arrive at the body surface with maximum density. The true location of this point may be obscured by the simultaneous presence of activation potentials. When these disappeared, the recovery maximum usually shifted toward its final location ( Fig. 2C , D, Fig. 3A ). The "recovery" minimum generally appeared in the right clavicular region ( Fig. 2B-D) , or in the right mammary region. In several cases observed, the location of the recovery minimum cannot be determined exactly at this early stage of repolarization, because large electronegative regions of the anterior and posterior chest surface were practically isopotential. In these cases, the loca-D. Activation potentials have disappeared, while recovery potentials have increased further (-0.07 and +0.1 mv).
E,F,G,H. Simultaneous presence of activation and recovery potentials in subject L.D.A., at 4 instants of time indicated at the lower end of the figures. The time interval between E, F and G is 4 msec; between maps G and H, 12 msec.
E. Distribution of activation potentials at the end of the QRS interval.
F. Activation potentials are decreasing. The recovery maximum appears in the left parasternal region, causing the activation minimum to break into separate, negative areas. C. A further decrease in activation potentials and an increase in recovery potentials can be observed. The recovery minimum appears near the right supraclavicular fossa.
H. Activation potentials have disappeared, while recovery potentials are still increasing. tion of the minimum became clear in later stages of the recovery process.
It appears from the foregoing description that the QRS-ST transition is characterized by a transient overlapping of activation and recovery potentials generating complex surface patterns that have much individual variability. Preliminary observations in heart patients have shown that, in some cases of coronary insufficiency, a different sequence of surface potentials occurs during the QRS-ST transition (14) .
ST Interval and T Wave
In normal subjects after the last activation potentials had vanished, the surface distribution of recovery potentials was constantly dipolar during the entire ST and T intervals. The potential maximum was located in the midsternal region, near the left parasternal line or in the left mammary region (Fig. 3A) . The potential minimum was usually located in the right clavicular or mammary region, or in the jugular fossa. As previously stated, the initial location of the recovery minimum is sometimes difficult to determine (a dorsal location was suspected in several cases). In these subjects the recovery minimum (however uncertain its initial location) became clearly localized in the upper right regions of the anterior chest wall during the final portions of the ST interval. The potential maximum underwent little or no displacement during the ST interval and the first half of the T wave. During the last portion of the T wave, however, it usually shifted slightly to the left, reaching the left mammillary line (Fig. 3D ) or the anterior axillary line.
The potential difference between surface minimum and maximum increases progressively during the ST interval and the rising phase of the T wave; thereafter it decreases rapidly. In our 15 subjects, the average value of the recovery maximum, as measured at the beginning of the ST interval, was + 260 fi.v (with respect to Wilson's central terminal). The average value of the minimum was -45 /xv. At the peak of the T wave, the corresponding values were +950 and -300 fiv. It will be observed that these values are not CircmUtion Rnurcb, Vol. XIX, Novtmbrr 1966 symmetrical with respect to the central terminal. This asymmetry is probably related to the eccentric location of the cardiac generator within the chest.
While the distribution of recovery potentials is always dipolar in normal human subjects, multipolar patterns can be observed in experimental animals and in heart patients. Thus, in 3 of 6 dogs, two minima were observed during ventricular repolarization and two maxima were present in another animal. In one case, two maxima and two minima were simultaneously present at the end of the T wave ( Fig. 3F ). It should be pointed out that recovery potentials show important individual variations in mongrel dogs. While this may be partially due to differences in cardiac electrogenesis, heart position and body shape, it is also possible that some of our animals were not perfectly normal, even if no gross cardiac alteration could be detected at necropsy. Therefore, the foregoing data should be considered as an example of multipolar recovery patterns in experimental animals and not as a description of typical surface potentials in normal dogs.
Multipolar distributions of recovery potentials were also encountered in human subjects, when the repolarization process was abnormal, as in the case illustrated in Figure  4 . The figure is related to subject CD., age 56, who had been suffering for years from arterial hypertension and angina pectoris. The electrocardiogram (Fig. 4A) shows a left axis deviation and a moderate downward displacement of the ST segment in lead 1, V4, V5, and V6. Also the T wave was clearly abnormal in chest leads V3, V4, and V5. The maps show that the distribution of repolarization potentials was abnormal from the beginning of the ST interval. Immediately after the end of the QRS complex, an "abnormal" potential minimum was present in the left mammary region (Fig. 4B) , and the potential maximum occupied its normal location in the lower presternal region. The "normal" minimum was not very evident, but probably was in the jugular region. Such a pattern is not observed in normal subjects during ventricular repolarization. One hundred and forty milliseconds after the end of the QRS complex, the normal potential minimum appeared more distinctly in the jugular region ( Fig. 4C, D, E) . Thus, from instant b onwards, a definite tripolar distribution of heart potentials was constantly present on the chest surface until the end of the T wave. The abnormal potential minimum which appeared at the beginning of ventricular repolarization on the left precordial region moved slightly to the right during the T wave and reached the left nipple (Fig.  4E ). The total time during which the pathological minimum was present on the chest surface was about 300 msec (ST interval plus T interval).
Discussion
TECHNICAL CONDITIONS
The currently available methods for constructing isopotential maps are based upon the assumption that successive heart beats will generate identical sequences of electrical events at the body surface. 2 Relying on this assumption, electrocardiograms are sequentially recorded from the various points on the chest walls until the entire surface of the truck had been explored. Instantaneous potential values were then -In fact, the construction of equipotential maps is based upon yet another hypothesis, namely, that the heart does not generate any potential differences during the T-P interval. On this basis, the T-P segment of the electrocardiogram is usually chosen as a convenient "zero" level for amplitude measurements. This hypothesis is probably justified for normal subjects, but may not hold in cases of coronary insufficiency. The interpretation of maps related to coronary insufficiency will therefore require a special discussion. Identical difficulties, however, hamper the correct analysis and interpretation of ordinary electrocardiograms relating to the same heart condition. sampled from all the electrocardiograms and combined on the same map as if they related to a single heart beat. The foregoing assumption, however, is only partially valid because the surface events generated by successive beats are not perfectly identical. It is well known that the surface distribution of heart potentials does change, within limits, during respiration or as a consequence of variations in ventricular blood content. These changes give rise to a certain amount of measurement error. The choice of a correct baseline and the finding of isochronous points on the tracings will also result in some error (3, 17) . As far as QRS potentials are concerned, however, such errors can be restricted within reasonable limits and sufficiently reliable results may be obtained by careful experimentation.
More serious difficulties are encountered when studying potential patterns related to atrial activation or ventricular recovery, owing to the lower amplitude and longer duration of the electrical signals. By increasing the gain and the time-constant of the amplifiers it becomes possible to obtain acceptable recordings, but in these conditions the signal-to-noise ratio becomes lower and the percentage of error in amplitude measurements is proportionally higher. Baseline fluctuations due to improper skin-electrode contact are particularly disturbing and great care must therefore be devoted to obtaining a good baseline stability.
On the other hand, it is sometimes impossible to prevent small changes of the heart rate occurring during chest exploration. It is well known that these changes will alter the total duration of the recovery process. As the instantaneous amplitudes are sampled in
F. Schematic drawings illustrating the tentative interpretation of the abnormal recovery minimum observed in patient CD. Top: In a portion of the left ventricular wall, recovery is delayed (D.R.). This region is negative (less repolarized) with respect to the surrounding myocardium. Currents flow from the neighboring fibers toward the delayed zone. A potential minimum appears on the chest wall facing the delayed region. Middle: Recovery is accelerated in a circumscribed subendocardial region (A.R.) which is positive (more repolarized) with respect to the surrounding myocardium. Electric currents flow from the region where recovery is accelerated toward the neighboring, less repolarized subepicardial regions. In this case too, a potential minimum appears on the chest wall. Bottom: An injured subendocardial region (I) is partially depolarized during diastole. Diastolic currents flow from the neighboring subepicardial regions toward the depolarized zone. This gives rise to a surface maximum which disappears after ventricular activation. The reversed image of this maximum appears on the maps after ventricular activation.
TACCARDI
all the electrocardiograms according to an invariant sequence of time intervals, a change in the duration of the ST segment and the T wave has the same effect as an error in time measurement. When such changes were observed, the data were discarded.
The causes of error already mentioned are so numerous that it is difficult to assess the degree of accuracy in each potential measurement. However, the important features of a map, namely, the number and location of potential maxima and minima, are never determined on the basis of a single potential value. The existence of a maximum results from a number of measurements indicating that the potential gradients, in a given zone, are radially oriented and converge toward the region of maximum potential. The reverse is true for potential minima. Furthermore, a potential maximum or minimum is never observed in a single instantaneous map, but generally appears at a given moment during the heart cycle, grows during the following stages of activation or recovery, undergoes a displacement and finally disappears. Thus, the "history" of a given maximum or minimum is deduced from a very large number of measurements, and the probability of the entire event being an artifact resulting from systematic errors is very low, although it cannot be completely ruled out in particular cases. Here again, as we concluded in the case of QRS potentials (3), the best way to verify the results of an exploration is probably to repeat the exploration in the same subject. In 3 normal individuals, including the subject whose maps illustrate the present study, the entire experiment was repeated after an interval of 1 to 12 months, as previously stated. The agreement between the results of successive explorations was quite satisfactory.
A much finer analysis of the surface potential patterns would, however, be obtained by constructing maps from potential data related to a single heart beat. If it were possible to record simultaneously the 200 surface electrocardiograms, most of the above mentioned errors would be eliminated or substantially reduced. Moreover, it would become possible to draw maps for nonperiodical events, such as extrasystoles, and to study continuous changes in the electrical activity of the heart, such as those occurring during respiration and exercise or during the evolution of myocardial ischemia.
DISTRIBUTION OF POTENTIALS Atrlol Activation
As previously stated, the normal distribution of chest potentials related to atrial activation is constantly dipolar with one maximum and one minimum. The motion of the potential extrema on the chest surface during the P wave shows, in most cases, a clear relationship to the progress of the excitation wave in the auricles. It may be expected that when the electrical activity of the auricles is altered (as for instance in atrial extrasystoles, nodal rhythm, and possibly also in cases of mitral stenosis or atrial septal defects), the pattern of surface potentials related to atrial activity will also be altered. In these patients, chest maps displaying atrial potentials will probably yield useful information on the probable location and direction of excitation wavefronts in the disordered auricles.
Ventricular Recovery
The intracardiac distribution of current sources and sinks during ventricular recovery is quite different from that observed during activation. At any given moment of ventricular depolarization, the sources and sinks of "activation" currents are concerntrated in comparatively narrow regions comprising the activation fronts [width, about 1 mm (19) ] and the adjacent myocardial fibers. The excitation wavefronts propagate along the fibers at a speed of about 300 to 600 mm/sec (18) . Thus, the total time interval during which a single myocardial fiber emits "depolarization" currents does not exceed a few milliseconds. The distribution of recovery sources and sinks is quite different. Every myocardial fiber starts emitting recovery currents immediately after the passage of the activation front, and continues to do so for about 300 msec, until it has completely recovered. This can be easily observed by recording the transmembrane action potential. It is not certain whether, in normal conditions, the repolarization process actually propagates along the fibers (19) . Repolarization, however, is not synchronous in all the fibers and consequently, at any given moment, some of the fibers are in a more advanced stage of recovery than their neighbors. Extracellular currents will flow from the former toward the latter, distributing themselves to all the conducting tissues of the body.
During the QRS interval, recovery currents are generated only by those fibers through which the excitation front has already passed. At first, current intensity is low because only some of the fibers are emitting currents and because in each fiber the intensity of recovery current is low at the beginning of repolarization. At the end of the QRS interval, however, most fibers are recovering and the intensity of repolarization currents is much higher. At this stage, the surface potential field is significantly affected by recovery potentials as illustrated in Figure 2 .
During the ST interval and the rising portion of the T wave, all the ventricular fibers are generating recovery currents. The current generators are not concentrated in comparatively narrow regions as occurs during activation, but occupy the entire ventricular myocardium. During the last portion of the T wave, some fibers have totally recovered while the others are still completing the repolarization process. During this phase, a moving recovery front separates the completely repolarized myocardial fibers from those which have recovered only in part. Extracellular currents flow from the former toward the latter.
At every stage of ventricular recovery the pathway of extracardiac currents and thus the location of the potential maxima and minima on the chest surface will depend on the location within the heart of the more completely repolarized fibers in relation to those which are less repolarized. This distribution is not perfectly known and is probably rather complicated because, at any given moment, differences in the degree of recovery exist not only between fibers located at different depths in the ventricular walls, but also between adjacent fibers located at the same depth (20-CircuUiion RiiHrcb. Vol. XIX, Noptmit 1966 23) . The lack of precise knowledge about the intracardiac location of sources and sinks of recovery current makes it very difficult to correlate the surface distribution of recovery potentials to the intracardiac course of repolarization. Furthermore, owing to the fact that only one potential maximum and only one potential minimum are present on the chest surface during normal recovery, no information about separate "local" or "regional" repolarization processes may be deduced from chest maps of normal subjects (3). Conversely, when the repolarization process is altered in a particular area, the maps may yield interesting information about the duration and the probable location of the abnormal event. Thus, for instance, in the case illustrated in Figure 4 , the maps show that both the sagging of the ST segment in lead 1 and the abnormal shape of the T wave in some precordial leads are in fact related to one and the same electrical event, namely, the presence of an abnormal minimum in the left inframammary region during the entire repolarization time. At the beginning of the ST interval the normal minimum is hardly visible in the vicinity of the jugular fossa, while the abnormal minimum is much more evident (Fig. 4B) . However, at the end of the ST segment and during the T wave, both the normal and the abnormal minimum are quite apparent and persist on the body surface until the end of ventricular repolarization. The recovery maximum is initially located in the presternal region, but at the end of the T wave, it is "pushed" slightly to the right by the abnormal minimum, which moves toward the right mammary region (Fig. 4E) . Thus, during the entire repolarization process, normal and abnormal recovery currents are simultaneously present on the body surface. The former flow from the sternal maximum to the jugular minimum, as in normal subjects. The latter, conversely, point from the sternal maximum to the abnormal mammary minimum and are probably related to a local disturbance of the recovery process.
Three different, tentative interpretations may be suggested to explain the presence of the abnormal potential minimum on the chest wall: (1) Repolarization is delayed in a circumscribed region of the left ventricular wall. The delayed region becomes negative with respect to the surrounding myocardium for the entire duration of recovery, and this results in an abnormal current flow, as indicated in Figure 4F (top) . An abnormal potential minimum appears on the chest wall facing the delayed region. (2) Repolarization occurs prematurely in a circumscribed subendocardial region of the left ventricle. In this case too, abnormal recovery currents are added to the normal currents, and an additional precordial minimum appears (Fig. 4F, middle) . (3) Diastolic injury currents flow during the T-Q interval toward a partially depolarized subendocardial region (Fig. 4F, bottom) . In this case the abnormal minimum described in Figure 4B -E is an artifact, due to the disappearance of injury currents at the end of ventricular activation (24) . The abnormal minimum is the reversed image of a maximum, which in fact exists during diastole, but is not revealed by the maps because the diastolic level of the electrocardiogram is taken as the baseline level for the measurements.
It has been shown by several authors that repolarization is accelerated in myocardial fibers exposed to anoxia (25, 26) or after coronary occlusion (20) . The second interpretation therefore seems preferable, although, in the present state of our knowledge, the two other hypotheses cannot be completely ruled out. In any case, the location of the abnormal minimum on the chest wall may give useful information about the probable intracardiac location of the regions where the recovery process is altered.
Conclusions
The experimental results described in the present study show that the maps illustrating the instantaneous distribution of heart potentials on the body surface yield more information on the electrical activity of the heart than is offered by ordinary limb and precordial leads. This conclusion, which had been previously reached for QRS potentials, also appears to be valid for electrical events related to atrial depolarization and ventricular repolarization. In particular, equipotential maps have made it possible to demonstrate the simultaneous presence of activation and recovery potentials at the end of the QRS complex. Moreover, they have shown that, during atrial activation and ventricular recovery, an important element of the surface potential field, namely, the potential minimum, is located in a region of the chest wall which is not explored by limb or precordial leads. Abnormal displacements of the minimum may therefore be missed or incompletely appreciated by routine electrocard iography. Finally, the maps have shown, in some cases, a multipolar distribution of recovery potentials. This feature cannot be easily deduced from ordinary electrocardiographic records. During the multipolar intervals, chest maps give useful indications about the probable intracardiac location of the altered recovery process.
Unfortunately, the methods presently available for building up thoracic maps are laborious and time-consuming. The maximum accuracy which can be attained is not altogether satisfactory, for the reasons that have been discussed in detail. These disadvantages could, however, be almost wholly eliminated by using suitably perfected technical procedures. The main cause of error is linked with the fact that all the instantaneous potential measurements do not refer to the same systole, but to successive systoles. As previously stated, this defect could be eliminated if it were possible to record all the surface electrocardiograms simultaneously. Such a solution would have the added advantage of enabling maps to be built up which refer to nonperiodic phenomena such as extrasystoles, and would make it possible to study continuous and progressive changes in the electric activity of the heart, such as those occurring during respiration, exercise, or during the development of myocardial ischemia.
In the present work, the tracings have been measured and the data have been processed by hand. However, other investigators (10) Circulation RtJtrcb, Vol. XIX, Norimttr 1966 have already shown that analog-to-digital conversion of the electrograms, data tabulation, and even the tracing of the equipotential lines can be performed automatically with the assistance of computers. Thus, we can foresee that it will soon be possible to display all electrocardiographic information present on the body surface using completely automated methods which will be sufficiently accurate and will take far less time than now required. 
